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THE MICROANATOMY OF MILIARIA CRYSTALLINA*
GEORGE W. HAMBRICK, JR., M.D. AND HARVEY BLANK, M.D.f
The purpose of this study was to apply whole mount technic (2) as well as
routine tissue histologic technic to a microanatomical disturbance in the intra-
epidermal eccrine sweat duct which results in the clinical picture of miliaria
crystallina. Recent studies using fresh, unfixed skin have shown clearly that the
terminal part of the eccrine sweat duct has its own intrinsic walls of keratinized
cells (2, 9). The luminal lining consists of periodic acid-Schiff or P.A.S. (Hotch-
kiss-McManus)-positive material throughout the course of the duct. Recently
this or a similar material has been suggested by Cormia (1) as a factor in the
production of sweat retention as seen in various dermatoses. Therefore, a second
purpose was to study this material in miliaria crystallina lesions. In addition,
with this latter purpose in mind, experimental obstruction of the ducts within
the footpads of cats has been produced and examined microanatomically.
MATERIALS AND METHODS
Human
Two patients with miliaria crystallina have been studied. Case 1 had
pemphigus vulgaris which was in remission following glucocorticoid therapy (3).
During his hospitalization daily recurrent, asymptomatic dewdrop-like vesicles
(Fig. 1A) appeared on apparently normal skin immediately following a prolonged
bath which was associated with profuse sweating. The myriads of tiny vesicles
were easily ruptured by trauma, but if protected, persisted for 10—12 hours.
Clinically they were readily distinguished from typical pemphigus lesions.
Case *' 2 had a history of an asymptomatic, recurrent eruption consisting of
dewdrop-like vesicles without erythema each summer for several years. The
present episode occurred on an unusually hot, humid day and followed profuse
sweating. His skin was deeply tanned but he had not been exposed to the sun
during the preceding two weeks.
Attempts were made to fill the sweat duct orifices with aqueous methylene
blue by applying the solution for several minutes to the vesicles and surrounding
skin.
Material for biopsies were obtained with the 6 mm. punch following local pro-
caine injection. These were used to make whole mounts and serial sections. In
preparing the former the epidermis and appendages were separated from the
dermis after incubation in collagenase or sodium iodide solutions as previously
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Fin. 1. A. Miliaria crystallina lesions, 2-3 mm. in diameter, approximately natural size.
B. A vesicle of miliaria erystallina in intact separated epidermis floating in saline X21.
Dark linear shadows are skin furrows; these are widened in the roof. Dark central area of
the vesiele dome represents sweat duet (s.d.). An uninvolved sweat duet (s.d.) is seen in
the lower right field. C. Separated epidermis containing the vesiele shown in B. viewed
from the undersurface. Stained with the Hotchkiss-McManus procedure and cleared in
glycerin, X30. The involved sweat duet (s.d.) is seen entering the floor of the vesicle cen-
trally. The rete(r) appears slightly stretched as it forms the floor. The outer circumference
(e) of the vesicle is represented by the dark oval outline. D. Same as C. showing the in-
volved duct staining intensely with the Hotchkiss-McManus technic, X8O. One spiral of
the duet (s.d.) within the epidermis is in focus. The luminal lining stains more deeply than
the wall of the duct. The outside boundary of the coiled non-pigmented intra-epidermal
sweat duet is outlined by a circle of melanin-containing epidermal cells (p).
described (2). The separated epidermis was examined unstained or after exposure
to osmium tetroxide vapors or after staining with the P.A.S. technic prior to
clearing in glycerin. The roofs of several vesicles were removed with a knife
blade and were examined in glycerin. Serial sections of formalin-fixed tissue
tar
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were stained with hematoxylin and eosin, toluidine blue, or the P.A.S. procedure.
Following fixation in 1 percent trichloracetic acid in 80 percent alcohol the tis-
sues were stained by the Barrnett-Seligman method for SH-groups.
Cat
Each of the paws of four cats were treated in one of the following ways after
an initial sweating induced by injecting pilocarpine nitrate (0.5—0.7 mg.) sub-
cutaneously into the pads: (a) left undisturbed and unbandaged; (b) bandaged
with dry gauze and completely covered with adhesive tape to prevent normal
shedding of keratinized skin structures in a dry protected environment; (c)
painted with 10 percent alcoholic silver nitrate solution on two successive days
followed by bandaging as in (b); and (d) painted with a saturated solution of
chloronaphthalenes (3—4 %) in acetone on two successive days and bandaged as
in (b). Pilocarpine nitrate was again injected into the pads to produce sweating
on the fifth and eighth days following institution of the above regimens. Biopsy
specimens were obtained on the eighth day. These were used for making whole
mounts and serial sections. The latter were stained using routine hematoxylin
and eosin or the P.A.S. technic.
RESULTS
Human
Whole intact vesicles of miliaria crystallina, within separated epidemis floating
in saline reveal as in Fig. lB a dome-shaped vesicle with a darkened area in the
center. Upon clearing and mounting in glycerin the central, dark area is seen to
be the site of the sweat duct. The keratin surrounding the orifice forms a cup
into which the duct opens; this cup appears stretched with exaggerated dimen-
sions. Within the cup there is a small part of the terminal keratinized duct
(Fig. 2A). This finding was also demonstrated in the roofs of the vesicles which
were removed with a knife blade. Aqueous methylene blue solution did not enter
the ducts either in the apparently normal skin or the involved duct.
Upon focusing through the vesicle roof, the floor of the vesicle is seen to con-
sist of stratum corneum cells also. The proximal part of the eccrine duct with its
keratinized walls is dilated as it empties into the floor of the vesicle (Fig. 2B).
This dilatation of the duct continues down through the epidermis until the level
of the dermal duct is reached. Staining with the P.A.S. procedure (Fig. ID)
revealed the luminal lining of the duct to be strongly positive throughout its
course. No "plugs" of P.A.S.-positive material were found. The rete malpighii
appears stretched and thinned, but intact as it covers the floor of the vesicle.
The involved duct enters the floor of the vesicle at a point near the center of the
vesicle (Fig. 1C).
Serial histologic sections confirmed the above findings. A section through the
midportion of a vesicle (Fig. 3A,B) revealed its location in the stratum corneum;
a dilated keratinized sweat duct emptied into the floor of the vesicle (Fig. 3B).
The cells of its walls are swollen and friable in appearance. P.A.S.-positive ma-
terial, diastase resistant, lines the duct (Fig. 4B,C,D); small central aggregates
FIG. 2. A. Whole mount of roof of a vesiele, stained with osmium tetroxide vapor, cleared
in glycerin, x 800. The distal part of the keratinized duet (s.d.) is contained within the
cup (e) formed by the stratum eorneum cells. B. Same specimen as A., X 800. Within the
floor of the vesiele the dilated, proximal part of the keratinized duet (s.d.) empties into
the vesiele. The nucleated cells of the separated epidermis form the mosaic pattern sur-
rounding the intra-epidermal sweat duet.
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FIG. 3. A. Vertical section through a vesicle (v) within the stratum corneum and its
involved sweat duct (s.d.) H. & E., X 60. B. Same specimen as A. but a section showing
the distal keratinized duct (s.d.) within the roof. The proximal keratinized part of the
duct is dilated. X 520. C. An early vesicle stained by the Barrnett-Seligman technic for
sulfhydryl groups. The stratum corneum stains deeply. The sweat duct is not greatly
dilated. )< 60. D. Same as C. The distal kcratinized duct (s.d.) is seen within the roof.
The cuticle of the duct stains moderately. X 400.
of such material were present in the lumina of several ducts. In serial sections
the roof of the vesicle was found to contain the distal, terminal part of the kera-
tinized duct with its lining of P.A.S.-positive material (Fig. 4D). No additional
information was obtained using the toluidine blue stain. Sulfhydryl groups were
present in the entire epidermis, but the deepest staining was present in the
stratum corneum and the cuticle of the sweat ducts in two specimens (Fig. 3C,D).
The dermal sweat duct cells contained large amounts of glycogen up to the
level of entrance into the epidermis proper where only small amounts were pres-
ent at the level of the basal cell layer (Fig. 4A,B). This finding was present in
the ducts of vesicles as well as in the normal, uninvolved ducts.
Cat
Following occlusive dry dressings for 5 days the footpad failed to sweat visibly
on stimulation with pilocarpine; the control, unbandaged footpad sweated nor-
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FIG. 4. A. Vertical section through a vesicle stained with the periodic acid-Schiff
(Hotchkiss-McManus) technic, not counterstained, X 60. The dermal duct contains large
amounts of glycogen, which was removed by diastase. B. Same as A., X 520. The duct as
it traverses the epidermis does not contain glycogen. The periodic acid-Schiff positive,
diastase resistant material (arrow) lines the lumen of the duct throughout its course. C.
Section similar to B., X 520 showing dilatation of the duct with its Hotchkiss-McManus
positive lining. D. Same as B. The distal part of the keratinized duct (s.d.) with its P.A.S.
positive lining is present within the roof of the vesicle above the point of rupture of the
duct (r.d.). X 520.
mally. The footpads treated with silver nitrate solution had thick dry eschars
upon removal of the bandages and likewise did not sweat. Those treated with
chloronaphthalene did sweat but less than the control footpads.
Whole mounts of separated epidermis or frozen sections from these pads re-
vealed a structure very similar to the sweat apparatus in the human palm; the
cup into which the duct opens was visualized (Fig. 5A,B). The keratinized part
of the duct spirals acutely in some specimens being almost straight whereas in
others it takes a more convoluted course. No change in the spiral could be
detected upon sweating. In the skin treated with silver nitrate, the keratinized
ducts were filled down to the level of the nucleated-cell layers of the epidermis
and a few particles were present within the ducts at the level of the basospinous
layer. Darkfield lighting reveals these particles as refractile bodies (Fig. 5C).
Normally the duct has a diastase resistant P.A.S.-positive lining throughout its
course to the cup into the stratum corneum. In the footpads where sweating
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FIG. 5. A. Whole mount of separated epidermis from the footpad of the eat, unstained,
cleared and mounted in glycerin, X SO. The spirals of the keratinized duets (s) traversing
the stratum corneum are readily visualized. B. Same preparation as A., showing the cup
(c) formed hy the stratum eorneum cells, into which the duct (s.d.) opens. X 400. C. Thick
frozen section of skin from the footpad S days after application of silver nitrate solution
shows an esehar (e) on the surface. Silver particles fill the keratinized part of the duet
(s.d.). Darkfield, X 50. D. Same specimen as C. hut fixed and stained with Hotchkiss-
McManus procedure, X 400. The walls of the keratinized duct (s.d.) stain moderately.
was not occnrring, no increase in this material was detected. The cellular wall
of the dermal sweat duet contained moderate amounts of glycogen. In serial
sections of fixed material no rupture or dilatation of the duets was detected.
No increase in P.A.S.-positive material was observed (Fig. 5D).
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DISCUSSION
The histopathology of miliaria crystallina was described by Robinson (5) in
1884 as follows: "Sections through sudamina (the dew-drop eruption) had re-
vealed the facts that the vesicles were always formed in the corneous layer, and
that they were in direct communication with sweat ducts. The rete around the
vesicles was normal, and their contents were always sweat, the glands and ducts
seemed normal." He concluded "that sudamina was not an exudative affection
but was solely due to a disturbance of the sweat-glands and corneous cells, the
result of hyperhidrosis, etc." In 1893 Robinson (6) writing on Hidrocystoma in-
cluded a diagrammatic sketch of a vesicle of sudamina crystallina stating "Sud-
amina, as may be seen by the accompanying Fig. 4 is caused by retention of
sweat within the corneous layer, the cells forming the wall of the duct becoming
separated and allowing the sweat to infiltrate the corneous layer and pushing
aside the cells, collect so as to form a dewdrop-like lesion." It is pertinent to
note that a part of the keratinized sweat duct was present within the stratum
corneum forming the roof of the vesicle in his drawing. Pollitzer (4) in 1893 re-
peated Haight's idea of vesicle development in miliaria crystallina as resulting
from a sudden flood of sweat which rushing through the spirally twisted canal in
the epidermis compressed one turn of the spiral against another and thus pro-
duced a valvular occlusion of the duct; Pollitzer agreed that in miliaria crystallina
following fever there usually was a sudden onset of sweating but objected to
Haight's theory on the grounds that sweating would cause the first spiral to
occlude rather than the terminal ones as would be necessary in miliaria crys-
tallina. He suggested a mechanical occlusion of the ducts by the accumulation
of epidermal debris during fever.
Shelley and Horvath (8) in a series of painstaking experiments using various
minor epidermal injuries such as maceration, adhesive tape, aluminum chloride,
phenol, chloroform, ultra-violet light, heat and cold, produced in man miliaria
crystallina and sweat retention anhidrosis after a variable latent period. In
their study the delicate superficial vesicles usually were ruptured in preparation,
precluding accurate histological study. However, in some examples (phenol,
chloroform, heat or cold) the vesicular wall remained intact. In these cases,
the vesicle was in the stratum corneum and duplicated clinical miliaria crys-
tallina. They did not describe the roof of the vesicle as containing a part of the
keratinixed duct. In a later paper on diseases of the terminal sweat duct pro-
ducing clinical miliaria, Shelley (7) points out that all the disturbances result
from a simple mechanical obstruction of the sweat duct orifice and that the clini-
cal picture produced depends on the extent and depth to which this obstruction
extends. He states: "In the primary types of miliaria, prolonged maceration of
the skin surface with sweat serves as a minor, nonspecific epidermal injury that
produces abnormal keratinization and resultant occlusion of the sweat duct ori-
fice. This is the usual antecedent history in miliaria crystallina and miliaria
rubra."
In the present study, the histopathological findings in primary and secondary
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miliaria crystallina were identical. The occurrence of a part of the terminal
keratinized duct within the stratum corneum forming the roof of the vesicle is in
agreement with Robinson's illustration of miliaria crystallina. Robinson (6) did
not refer to this finding in his text. A definite channel with luminal space was
demonstrable in the roof in our whole mount and serial section material; the
lining of the lumen was P.A.S.-positive, diastase-resistant. Occasional small
accumulations of similar staining material were encountered within the lumen of
the duct contained within the roof and the floor of the vesicle, but this was not a
consistent finding. Cormia (1) has found Schiff-positive material lining the duct
and accumulating in the lumen of the terminal sweat ducts in various dermatoses
producing sweat retention. He suggested that this material accumulated either
as a primary occurrence or secondary to a hyperkeratotic plug and that it may be
playing a role in producing sweat retention. In the present studies hyperkeratotic
plugging was not evident; in sweat retention due to plugging the point of rupture
of the duct would be expected to occur usually just beneath the level of plugging
(7). Our findings and Robinson's drawing indicate that the rupture of the duct
into two parts results from a disturbance within the wall of the duct itself. This
may be the initial change in miliaria crystallina rather than an extrinsic or in-
trinsic obstruction to the duct with secondary rupture beneath the obstruction.
Maceration with sweat could weaken the keratinized duct wall and the sur-
rounding stratum corneum to the point of rupture upon sudden sweating. If
such a mechanism is tenable, the duct within the roof of the vesicle should re-
main patent; attempts to demonstrate this with methylene blue application were
fruitless. This does not mitigate against the possibility since the uninvolved
ducts did not fill either.
Dilatation of the proximal part of the keratinized duct as it enters the floor
of the vesicle has been a consistent finding. This dilatation of the duct may
occur prior to rupture or it may be secondary to vesicle formation. In sections
of early vesicles there was slight dilatation of the duct, but no evidence of dila-
tation was encountered in adjacent sweat ducts without vesicle formation.
Large amounts of glycogen were present in the dermal duct cells but only
very small amounts were present in the duct as it entered the epidermis proper
and none was present in the duct above the level of the basal cell layer.
The attempts to produce experimental "sweat retention" in the footpad of the
cat were successful when the pad was covered with a dry dressing for a prolonged
period or when silver nitrate solution was applied and produced an eschar over
the area. No dilatation or rupture of the ducts was found. Nor was there an
appreciable increase in the P.A.S.-positive material present in the lumina or
lining the lumina of the occluded ducts. These findings argue against the role of
this material as a primary one in the production of sweat duct obstruction.
SUMMARY AND CONCLUSIONS
1. The anatomic pathologic changes of primary and secondary miliaria crys-
tallina have been studied in two patients. Hyperkeratosis of the sweat duct
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orifice involved in the vesicle formation was not demonstrable. The presence
of a part of the terminal sweat duct in the vesicle roof has been consistently ob-
served with its lining of periodic acid-Schiff-positive material. Dilatation of
the proximal part of the duct as it empties through the floor of the vesicle was
encountered regularly.
2. No changes were seen either in human miliaria crystallina or in experimen-
tally obstructed footpad-ducts of cats that suggested that periodic acid-Schiff-
positive material was the cause of duct obstruction.
3. From the observations reported, simple rupture of a sweat duct wall with-
out preceding obstruction distally to the site of rupture seems to be the initial
change which results in miliaria crystallina.
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